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Abstract 
In this paper characteristic of a DBD (Dielectric Barrier Discharge) plasma lamp is investigated based 
on the lamp intensity and power consumption. A pulsed power supply with controllable parameters 
based on a push-pull converter is developed for lamp excitation at different voltage levels and 
repetition rate. The experimentations were conducted for 28 different operating points with the 
frequency range of 2 kHz to 15 kHz at output voltage levels of between 7.4 kVpp up to 13 kVpp. The 
obtained results show the feasibility of finding an optimum operation point due to nonlinear behaviour 
of the DBD lamp. 
Introduction 
Dielectric barrier discharge (DBD) is a promising method in producing non-thermal plasma (NTP), 
which is widely used in a variety of industrial applications. Recently, DBD lamps have gained much 
attention as they are mercury free, easily scalable and simple to construct [1-4].  DBD lamps are 
mostly filled with rare gases and rare gas-halides, which can provide efficient scheme for generating 
incoherent ultraviolet (UV) and vacuum ultraviolet (VUV) radiation [3]. The range of applications is 
broad owing to the variability of output wavelength (88–310 nm) with the choice of gas fill.  
DBD Lamps can be operated with continuous excitation or with pulsed excitation. Pulsed excitation 
has attracted lot more interest. Because a pulsed discharge can operate at much higher peak voltages 
and peak currents for the same average power as in a dc glow discharge, higher instantaneous 
sputtering, ionization and excitation can be expected and hence better efficiencies [5, 6]. Numerous 
research have been conducted on developing pulsed power supplies, however, solid-state pulsed 
power has gained more attention as it is compact, reliable, has a long lifetime and high repetition rate. 
In the last decade, research and studies established the advantage of using power electronics 
topologies in developing pulsed power supplies for variety of applications [6-10]. Therefore, a solid-
state pulsed power supply can be a suitable choice for exciting a DBD lamp as it provides controllable 
variables such as duty cycle, frequency, generated voltage, and etc. 
One of the important features of a DBD lamp is the light intensity. The light intensity is quit important 
in sensitive applications such as in therapy of skin diseases and for disinfecting the skin surface. 
Hence, increasing or decreasing generated UV intensity can harm or not efficiently affect the under 
treatment area respectively. The light intensity can be controlled by factors such as frequency (pulse 
repetition rate) and applied voltage. However, another important issue which needs to take into 
account is the lamp power consumption [2]. Increment in power consumption not only reduces the 
system efficiency but also can lead to short operational lifetime of the lamp. Thus, finding the relation 
between the lamp intensity and power consumption in order to select a proper operating point is vital.    
In this paper light intensity versus power consumption of a Xenon-filled coaxial DBD lamp is 
analysed at different voltage level and repetition rates. The DBD lamp is excited using a push-pull 
based pulsed power supply with the frequency range of 2 kHz to15 kHz and at output voltage starting 
from 7.4kVpp up to 13kVpp. The light intensity is measured using a UV detector and the power 
consumption is measured based on Lissajous V-Q diagram [2, 3] at 28 different operating points. The 
obtained results not only depicted the performance of the implemented pulsed power supply in driving 
the DBD lamp, but also the DBD lamp illustrated a non-linear characteristic which can be 
advantageous in selecting an optimum operating point. 
Experimental Setup 
DBD Lamp 
Here a DBD lamp, as shown in Fig.1, is selected which is due to their particular interest as they 
possess high efficiency [3]. The lamp tube has a coaxial geometry with a double dielectric barrier, and 
is fabricated from UV grade fused silica tubing. The external electrodes are wire/wire mesh yielding 
an active region of ~60mm length with a discharge gap of ~9mm between the inner and outer 
dielectrics.  The gas fill (sealed off) is a Xenon buffer at ~100mb pressure, seeded with a low partial 
pressure (~1torr) of halogen (Cl) to yield XeCl excimers upon discharge excitation which emit in the 
UV at 308m. Typical output irradiances from the lamp are 1-10mW per cm2. 
 
Fig. 1: Dielectric barrier discharge lamp. 
Pulsed Power Supply 
Fig. 2 depicted a circuit schematic diagram of the developed pulsed power supply. As illustrated, it is 
based on a push-pull inverter topology. The push-pull inverter contains two switches that are driven 
with respect to ground. This is the main advantage of the inverter. This topology uses a centre-tapped 
transformer which is excited in both directions. A step up transformer is used to boost the voltage and 
achieve galvanic isolation. 
In order to sustained NTP and prevent from arcing, bipolar pulse generation is employed for clearing 
charges [11]. The two switches S1 and S2 are switched alternately with a controlled duty ratio to 
convert input DC voltage into high frequency AC voltage suitable for exciting the DBD load. Hence, 
the generated output voltage is bipolar.  
Adding a DBD load turns the push-pull inverter into a resonant stage with an approximately 
sinusoidal output. The frequency of the semi-sinusoidal shape signal is determined by an L-C circuit 
comprising of the transformer inductance and capacitances of DBD and the transformer. The 
repetition rate can be used to adjust the power and by optimizing the resonance it is possible to obtain 
high frequency semi-sinusoidal waveform.  
The pulsed power supply was developed to provide complete control over output voltage and 
repetition rate by means of regulating the input voltage and the duty cycle of power switches. Fig. 3 
shows the experimental hardware setup for the pulsed power supply. Here 1200V IGBT modules, 
SK75GB123, are used as power switches. Semikron Skyper 32-pro gate drive modules are utilized to 
drive the IGBTs and provide the necessary isolation between the switching-signal ground and the 
power ground.  A Texas Instrument TMS320F28335 DSC (Digital Signal Controller) is used for 
PWM signal generation. A centre-tapped step-up transformer with an UU100 core 3C90 grade 
material ferrite from Ferroxcube, are designed with NA = NB = 5 and NS = 293. Here a 470pF 
capacitor (CS) is placed across each switch to protect them against the voltage spikes. To calculate the 
power consumption a 4nF capacitor (Cm) is connected in series with the DBD lamp. Cm is selected 
large enough to not to affect the DBD lamp capacitance. The output voltage is measured and captured 
using a Pintek DP-22Kpro differential probe and RIGOL DS1204B oscilloscope, respectively. 
An example of a measured output voltage of the employed pulsed power supply at the output voltage 
of 13kVpp is depicted in Fig. 4. The depicted bipolar voltage waveform is generated by switching S1 
and S2 alternately (see Fig. 4a). This part (the first portion) of the output voltage waveform is the 
resonant circuit dominated by the magnetizing inductance of the transformer and the capacitances of 
the transformer and DBD. The period of this signal is approximately 11.5 µs. The second part is the 
resonance happening during the switches off-state between the leakage inductance and the 
capacitances of the transformer and DBD.  
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Fig. 2: Pulsed power supply circuit schematic diagram (push-pull inverter). 
  
 
Fig. 3: Electrical Hardware setup with the DBD load. 
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(b) 
Fig. 4: Output voltage of the employed pulsed power supply: a) at 10kHz, b) typical measured 
output voltages at 10kHz and 5kHz. 
As the depicted signal (Fig. 4a) was generated at 10 kHz (repetition rate), therefore the period of the 
second portion is equal to 88.5µs. It is to be noted that for all the applied voltages and repetition rates 
the bipolar pulses were generated with a fixed duration of 11.5 µs (see Fig. 4b). This implies the 
importance of repetition rate which differs in four types of applied pulses and can results in delivering 
varied power level to the DBD lamp. 
Measurements 
The lamp intensity was measured using an UV photo-detector (see Fig. 3). The photo-detector is 
equipped with JIC157 which has a spectral range of 210...390 nm. The averaged intensity was 
considered for evaluation regarding to the area of the captured intensity waveform and employed 
frequency. 
 Fig. 5: V-Q cyclogram of the DBD lamp as a basis of power consumption calculation. 
To measure the power consumption of the DBD lamp, the energy transferred to the DBD lamp has 
been calculated by employing the Lissajous (V−Q) diagram [2, 3]. To measure Q one capacitor (Cm) 
is placed in series with the DBD lamp, as depicted in Fig. 2. Thus, by measuring the voltage across Cm 
and multiplying it by Cm value it is possible to calculate Q. The energy consumed by the plasma lamp 
for one cycle is calculated from the area of V−Q curve for different experiments, where V is the 
measured voltage across the DBD lamp (see Fig. 5). Hence, by considering the employed repetition 
rate (frequency) it is possible to calculate the average consumed power by the DBD lamp. Due to 
presence of noise during measurement the captured data is filtered before estimating power 
consumption (see Fig. 5). The relevant equations are: 
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By substituting (2) in (1): 
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Therefore, considering (1) to (3) the averaged consumed power can be calculated as below: 
        ∮        
 
 
    (4) 
Results and Discussion 
To analysis the lamp characteristics the lamp intensity versus the lamp power consumption is 
considered at different voltage level and operating frequency. Input voltage (Vin) and repetition rate 
(fr) were assigned as controlling parameters to determine the plasma lamp characteristics. The high 
voltage pulses were applied to the plasma lamp at seven different voltage levels and four different 
repetition rates of 2kHz, 5kHz, 10kHz, and 15kHz (see Table I). The 28 operating points are selected 
based on combination of varied operating frequencies and voltages to evaluate the behaviour of the 
DBD lamp at variety of power levels and intensities. The starting point was selected as Vin = 36V as 
the first sustainable plasma was achieved at this point. The measured results are illustrated as 
averaged intensity versus averaged power consumption (see Fig. 6). It is to be noted that the results 
are normalized for a better comparison. 
 
Table I. Considered voltages and frequencies for different experiments  
            Repetition rate (fr) 
Input Voltage Level 
 
2kHz 
 
5kHz 
 
10kHz 
 
15kHz 
Vin= 36V D11 D21 D31 D41 
Vin= 40V D12 D22 D32 D42 
Vin= 44V D13 D23 D33 D43 
Vin= 48V D14 D24 D34 D44 
Vin= 52V D15 D25 D35 D45 
Vin= 56V D16 D26 D36 D46 
Vin= 60V D17 D27 D37 D47 
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(b) 
Fig. 6: Comparing different operation points regarding to the varied applied voltage levels and 
repetition rates, a) applied voltage versus plasma lamp power consumption, b) applied voltage 
versus plasma lamp intensity. 
 
 
 Fig. 7: The DBD lamp light intensity measured for varied applied voltage levels. 
Fig. 6a depicted the applied voltage versus power consumption. The illustrated data clearly indicate 
that the DBD lamp power consumption correspondingly increases with the applied voltage level and 
the repetition rate. This can be also realized from (4), which shows the relation between the power, 
repetition rate and the applied voltage. However, as the power is proportional to the applied voltage 
squared, the applied voltage is much more effective than the repetition rate on the power level. 
Despite the power consumption which is always desirable to be as low as possible, it is the lamp 
intensity which is the main goal. Obtaining high intensity at low power consumption in plasma lamp 
applications is one of the major concerns. The obtained results regarding to the applied voltage versus 
the lamp intensity are illustrated in Fig. 6b. It is obvious that increasing the applied voltage results 
higher intensity (see Figs 6b and 7). However, the obtained results indicate that not necessarily the 
higher intensity the high power consumption is. In the other word, the intensity doesn’t have a linear 
relation with the power consumption. The measured results in Fig. 6 depicted the possibility of 
achieving same or even higher intensity at lower power consumption by increasing the repetition rate. 
For instance, comparing D44 with D36 shows that, D44 has higher intensity than D36 while it has 
same power consumption. Such behaviour can be realized by comparing D32 with D27 as well. This 
can be due to the different slope of change regarding to the applied voltage and consumed power. 
Regarding to the aforementioned facts, it is feasible to find an optimum operation point where the 
required intensity can be achieved at lower power consumption. This can be obtained by operating at 
lower voltage levels but with the cost of higher repetition rate. Reducing the generated voltage level 
while obtaining the required performance is always desirable due to high voltage insulation and power 
switches limited breakdown voltage issues. 
Conclusion 
In this paper, the behaviour of a DBD plasma lamp was analysed with respect to its intensity and 
power consumption. A pulsed power supply based on the push-pull topology was developed with 
controllable parameters to trigger the DBD lamp over a wide range of operating conditions. The 
feasibility of optimum operation point due to non-linear characteristics of the plasma lamp was 
concluded based on the results obtained. To ensure that the following conclusions apply for different 
power levels of the DBD lamp, all experiments have been conducted on 28 different operating points 
by combining different repetition frequencies and applied voltages. 
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